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Galvao et al.
1 compare the effects of two high-fat diets, both 45% kcal but sourced from either polyunsaturated fatty acids (PUFA; linoleic and a-linolenic acids) or saturated fat (palmitate and stearate) in a male d-sarcoglycan null Bio TO2 hamster model of heart failure. Surprisingly, the heart failure hamsters fed the diet high in saturated fat showed increased survival compared with hamsters fed a diet high in PUFA or the control standard diet (12% kcal from fat). Importantly, in all three diet groups, the hamsters developed dysfunction at both the left ventricle and cardiac mitochondria levels. Despite the lack of a cardiac function phenotype, the PUFA-fed hamsters showed elevated Ca 2+ -induced mitochondrial permeability transition pore opening rates compared with both the saturated fat and standard fed hamsters. The clear distinction in obesity effects differentially driven by high-fat diets from different lipid sources, in the context of heart failure, has not been previously studied. The present study is important because it reveals the strong impact of fat source on cardiovascular events and survival rates in the setting of existing heart failure. A diet high in saturated fat promotes obesity by stimulating an inflammatory response that can induce cardiac concentric hypertrophy and alter the stress response. 2 Obesity resulting either from saturated or PUFA fat diets also initiates hyperlipidaemia, hypertension, and diabetes, which promote atherosclerosis, ischaemic heart disease, and eventually heart failure. 3 In the context of the clinically established obesity paradox, where obese patients diagnosed with heart failure have significantly better survival than normal-weight heart failure patients, 4 the study by Galvao et al. extends our current knowledge base. This paper focuses on the development of n-6-enriched PUFA-induced cardiac lipotoxicity ( Figure 1 ), which may dominate over glucolipotoxicity in the setting of heart failure. 5 While both n-3 and n-6 PUFA are considered lipoprotective, 5 excessive n-6
PUFA intake dramatically increases serum plasma free fatty acids, which correlated with decreased survival in PUFA-fed hamsters by promoting cardiac lipotoxicity. Obesity is the result of an energy imbalance caused by the consumption of a high-calorie and high-fat diet combined with a sedentary lifestyle, and the incidence of obesity has reached epidemic numbers. The d-sarcoglycan-deficient hamster, a genetic model of heart failure, offers an opportunity to study obesity in the setting of cardiac failure. Of note, glucose and free fatty acids were measured in non-fasting hamsters, which prevent our ability to know whether the animals were insulin-resistant. Right ventricle fatty acid analysis showed signs of lipotoxicity (increased linoleic acid, reduced oleic acid, and reduced total monounsaturated fatty acids) that may explain the reduced survival seen in the high PUFA-fed hamsters.
Unger and colleagues 6 delineated the role of fatty acid accumulation in non-adipose tissues, including the myocardium, but clinical markers for lipotoxic cardiomyopathy remain to be fully developed. Interestingly, cardiac steatosis is associated with left ventricle hypertrophy and dysfunction, and cardiolipotoxicity precedes the impaired glucose tolerance and onset of type 2 diabetes, indicating that a PUFA-enriched fat has a more immediate effect on cardiac function. 6 Excessive lipid deposition in non-adipose organs is a major contributor in both obesity and type 2 diabetes. 7 During the twentieth century, essential linoleic acid (n-6 PUFA) consumption increased 1000-fold in Western diets. 8 An increased n-6 PUFA (linoleic acid) intake elevates oxidized LDL levels to stimulate atherosclerotic plaque growth. 9 Arachidonic acid is produced by the metabolism of linoleic acid, and arachidonic acid-derived eicosanoids are involved in many physiological and pathophysiological responses, including inflammation and thrombosis. The combination of n-3 and n-6 PUFA, compared with n-6 PUFA alone, has different cardiac effects. 10 Replacement of a saturated fat with a diet of mixed n-3 and n-6 PUFAs reduces coronary heart disease (CHD) risk, whereas a diet of only n-6 PUFA increases CHD risk. 10 Chronic linoleic acid consumption cumulatively affects CHD mortality risk by stimulating inflammation, thrombosis, and LDL oxidation. As the American Heart Association (AHA) has recommended a diet rich in PUFA, this study and future studies examining the effects of n-6 vs. n-3 and n-6 PUFA diets may help the AHA to refine their statement. 10 While n-6 PUFA has been recommended for the prevention of CHD, based on pre-clinical and clinical studies, most studies measure only total PUFA consumption and do not distinguish between n-3 and n-6 PUFA sources. 11 In addition, the effects of different types of n-3 PUFA sources on cardiac function have not been investigated. For example, the dietary supplement fish oil is widely used as a source of n-3 PUFA, and fish oil contains eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) as two distinct n-3 fatty acids. Whether both components will reduce risk in high-risk patients has not been explored. 12 Previous reports from the Stanley laboratory indicate that the primary cardioprotective effect is attributed to DHA rather than EPA, 13 and this provides a strong rationale for further examining the effects of consumption of different n-3 and n-6 PUFA types on CHD.
Where do we need to go from here? Experiments that are still needed include studies that (i) assess how n-3 and n-6 PUFA vs. n-6 PUFA alone induce different or similar obesity effects on cardiac function, 14 (ii) determine how gender and ageing may alter the response to high-fat diets from different sources, and (iii) evaluate how n-3 and n-6 vs. n-6 PUFA-induced obesity alters cardiac function when superimposed on inflammatory conditions such as arthritis or lupus and in response to cardiac pathology including myocardial infarction. 15 The future integration of lipidomic, metabolomic, proteomic, and genomic data in these studies will also contribute towards a better understanding of how lipids from different sources modulate cardiovascular disease. In summary, Galvao et al. demonstrate that a high intake of saturated fat improves survival in a hamster heart failure model without altering cardiac function. This study reveals the need to further explore how saturated fat vs. PUFA-enriched diets contribute to obesity and what their impact is on cardiac remodelling in heart failure. Figure 1 The findings of Galvao et al. illustrate that effects of a high-fat diet on cardiac phenotype depend on the type, rather than the amount, of fat consumed. Their results illustrate that we need additional studies to compare n-6 PUFA with n-3 and n-6 PUFA diets and to a saturated fat diet to more completely understand the divergent roles of different fat types in regulating cardiac function, both in physiological and pathophysiological settings. The solid lines indicate known pathways while the dashed lines indicate relationships that remain to be fully elucidated. DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; PUFA, polyunsaturated fatty acids.
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